By studying the number and method of homicidal poisoning in Miami-Dade County, Florida; New York City, NY; Oakland County, Michigan; and Sweden, we have confirmed that this is an infrequently established crime.
P oisonings, whether intentional or unintentional, induced by others or self-induced, virtually always have medicolegal implications. Various chemicals have been used over thousands of years to ensure the death of prey and enemies. Regardless of the exact nature of a motive, this method of killing individuals or larger groups of people has successfully persisted throughout the history of humankind in all continents.
In all likelihood, this has become less common in medicolegal practice worldwide, possibly in part as a result of decreased availability of toxic products and possibly in part as a result of the development of toxicology as a cornerstone of medicolegal investigation of death. Nowadays, homicide by poisoning makes up only a very small portion of the reported homicides in the United States 1,2 and Sweden. 3 Nevertheless, the diagnosis of homicidal poisoning is always worthy of consideration because the crime is difficult to detect early on and the perpetrator often has a time advantage for escape.
The difficulties in solving this crime are manifold, such as the following:
1. The symptoms of poisoning may simulate symptoms of disease, and in fact, there are several reported cases in which misdiagnosis of symptoms delayed toxicological analysis and subsequent homicide investigation. 1 2. Even if poisoning is suspected, the symptoms are often unclear and nonspecific, offering few clues about potential lethal agents.
3. Furthermore, many poisoning victims exhibit a delay in the presentation of symptoms, giving the perpetrator enough time to destroy evidence and to conceal his/her role. By the time the victim starts showing signs of compromised health or is found dead, the perpetrator can be far away, the incident is difficult to connect to the specific individual, and the evidence may be irretrievably destroyed. 4 . Yet another problem is that homicidal poisoning in a medical setting seems to be even more difficult to discover. Medical professionals often have a low index of suspicion for a strange behavior of a colleague and generally assume that it is unlikely to have someone with criminal motive and intentions among the hospital staff. 4 In this study, it was our aim to perform a descriptive and explorative study of the small subset of homicide using 4 different sociocultural settings in Europe and North America.
MATERIALS AND METHODS
The cases reviewed in this retrospective study were culled from the caseloads of 4 different medicolegal investigative entities, from 2 countries, based on the common denominator ''homicidal poisoning'' listed by the forensic pathologist. These were retrieved from the databases of the Medical Examiner's Office in Miami-Dade County, Florida (1956Y2008); Medical Examiner's Office in Oakland County, Michigan (1981Y2008); and Office of Chief Medical Examiner, New York City, NY (1998Y2008), and from a countrywide database of the Swedish National Board of Forensic Medicine (1975Y2008).
Deaths due to carbon monoxide poisoning resulting from arson (and thus not being the primary method of killing) were excluded from the study.
Homicide committed by a parent or live-in partner immediately followed by commission of suicide by the perpetrator was classified as ''extended suicide.'' Cases where the perpetrator ended another person's life with the intention to relieve intractable suffering (real or imaginary) were classified as ''euthanasia.'' For practical reasons (availability of records, need for manual search, etc), we were unable to collect data for the same periods and to use exactly the same search criteria in the 4 settings. The offices included in this study have likely also used varying criteria when it comes to labeling a death as a ''homicide by poisoning.'' For all cases (n Miami = 13, n Oakland = 74, n New York = 3, n Sweden = 34), information was collected from the autopsy reports, toxicological analyses, police reports, any available medical records, and verdicts. 4 cases a year except for a peak in 1979. Annually, Sweden had 1.2 cases per 10 million inhabitants (Table 1) .
In Miami-Dade County, 13 victims of homicidal poisoning were found in 1956 through 2008. Ten (77%) were men, and 3 (23%) were women. Annually, there were 0 to 2 cases or, on average, 3.2 cases per 10 million inhabitants ( Table 1) .
New York City had only 3 registered cases of homicidal poisoning in 1998 through 2008: 1 female and 2 males. Annually, New York City had 0.3 cases per 10 million inhabitants ( Table 1) .
Oakland County, Michigan, recorded 74 cases of homicidal poisoning in 1981 through 2008. Fifty-four (73%) of the victims were women, and 20 (27%) were men. In the period of 1981 to 1989, there was 0 to 1 homicidal poisoning annually in Oakland County, Michigan. In the following decade, a series of homicidal poisonings occurred, with a peak in 1996. One case occurred in 1999, but no additional homicidal poisonings were recorded until the completion of this review. The county had 105 cases annually per 10 million inhabitants ( Table 1) .
Of all the homicidal poisonings in Oakland County, Michigan, during the study period, 70 (95%) were labeled as euthanasia. One of the cases from Sweden but none of the cases from New York City or from Miami-Dade would be most appropriately placed into this category. Eleven (32%) of the cases from Sweden were categorized as extended suicides compared with none of the cases from Oakland County and 2 (67%) of the cases from New York City ( Fig. 1 ).
Lethal Agents
In Sweden, the most commonly used poisons were a corrosive agent or licit drug(s) followed by carbon monoxide (Fig. 2 ). Prescription drugs used were barbiturates, benzodiazepines and benzodiazepine-related drugs, insulin, nonselective monoamine reuptake inhibitors, opioids, phenothiazine, and propiomazine. Other poisons used were methanol, cyanide, and thallium.
In Miami-Dade County, there were 3 cases of arsenic poisoning, 2 cases of poisoning with a corrosive agent, and 2 cases each of cyanide, licit drug (barbiturates and opioids), and parathion poisoning. Furthermore, 1 case of strychnine poisoning and 1 case of paraquat poisoning occurred ( Fig. 3 ).
In New York City, a case of thallium poisoning occurred in 2000, and 2 cases of carbon monoxide poisoning occurred in 2005 ( Fig. 4 ).
As a result of the specific circumstances in Oakland County, where most euthanasia cases resulted from the activities of 1 perpetrator, the most common agent used was a potassium chloride (KCl) solution in combination with 1 or more licit drugs, and the second most common agent was carbon monoxide ( Fig. 5 ). The licit drugs used included neuromuscular blockers, barbiturates, opioids, benzodiazepines, diphenhydramine, and acetaminophen. Licit drugs that were used in combination with cyanide or opioids included, apart from some of those mentioned previously, nonselective monoamine reuptake inhibitors and phenytoin.
CASE REPORTS
A few representative cases are presented in detail.
Case 1
In Miami-Dade County, in June 1958, a 38-year-old male printer died after arriving comatose at the hospital. After a clinical autopsy, the hospital pathologist issued a death certificate reading ''acute encephalitis.'' However, after a second autopsy performed by the medical examiner, arsenic was detected in all specimens sampled. The investigation later showed that the decedent's spouse had added weed killer to his water during a period of 2 to 3 weeks. 
Case 2
In Miami-Dade County, in August 1961, a 31-year-old housewife was found unconscious at home and taken to the hospital. She arrived semiconscious and cyanotic, with small pupils and copious oral secretions. During therapy, she wrote some notes indicating that she had been given roach poison. A postmortem examination revealed that the cause of death was parathion poisoning. Gastric content findings were positive for the chemical, and cholinesterase was completely inhibited in a blood specimen obtained from the hospital laboratory and from autopsy blood. Later, her husband was convicted of adding poison to her soft drinks.
Case 3
In Sweden, in January 1979, a 100-year-old woman at a nursing section for senile and demented inpatients in the city of Malmö died after screaming she had been given ''too much medicine.'' This was one of many mysterious deaths that had occurred at the hospital during a period of several months. A 19-yearold worker later confessed that he had killed 27 inpatients and attempted to kill 15 more by peroral application of lye-and parachlorcresol-containing disinfectants. He was convicted of 11 counts of murder and sentenced to long-term psychiatric care. Although he had killed 27 patients, the court ruled that the cause of death was directly caused by intoxication with parachlorcresol in only 11 cases. In the remaining cases, aspiration of lye and lyecauterized epithelium led to fatal bronchopneumonia. When asked for an explanation, the convict said he had felt pity for the patients.
Case 4
In Sweden, in October 1982, a 3-year-old girl was found dead in a car with her parents; her mother had been strangled, and her father had committed suicide. The girl died of carbon monoxide poisoning with a carboxyhemoglobin concentration of 70%. A vacuum cleaner hose connected the exhaust pipe with the interior of the car. The deaths were labeled as extended suicide.
Case 5
In Oakland County, in February 1993, a 47-year-old woman suffering from multiple sclerosis resulting in significant physical incapacitation requested Dr Jack Kevorkian to end her life. He terminated her life by connecting an oxygen-type face mask with a canister containing carbon monoxide under pressure. The postmortem toxicological analysis showed a level of carboxyhemoglobin of 84%. The reported motive for the euthanasia was the elimination of the current and anticipated undue suffering of the victim. The victim's motivation for such a request was explained in written communication that was published in the Detroit Free Press (February 19, 1993) the following day. In the victim's religion, suicide was considered a sin; hence, she sought euthanasia as an alternative to end her suffering.
Case 6
In Oakland County, in September of 1996, a 73-year-old man requested Dr Kevorkian to end his life because he was experiencing metastatic adenocarcinoma of the pancreas. Dr Kevorkian obliged and dropped off this man's dead body at the entrance of a major hospital. Dr Kevorkian stated that he used a combination of intravenously injected fast-acting barbiturate, a muscle relaxant, and a solution of KCl. The alleged motive was to eliminate the prospect of the victim's suffering given the nature of his ravaging condition. The postmortem toxicological analyses showed a high blood level of barbiturate.
Case 7
In New York City, in June 2000, a 48-year-old man presented to a hospital in Queens with burning and numbness of his hands and feet. The day before, he had a tuna sandwich and a protein shake prepared by his ex-girlfriend, a chemist, with whom he had recently ended a 20-year relationship. While traveling to see his new girlfriend, he complained of ''frostbite'' of his hands and feet and a 1-month history of feeling generally unwell. At the hospital the next day, he showed a lack of ankle reflexes and was suspected to have Guillain-Barré syndrome. When his condition worsened despite treatment, a physician suspected poisoning instead and found thallium in his blood. Despite therapy, the man died 3 days after being hospitalized. Postmortem toxicological analyses confirmed thallium intoxication.
DISCUSSION

Demographics and Type of Poison
In all geographical settings studied, homicidal poisoning is detected in only a very small number with an annual incidence of only 0.3 to 3.2 per population of 10 million in 3 regions analyzed, in agreement also with a recent study 2 of homicidal poisonings in the United States, from 1999 to 2005. However, with 105 cases per 10 million inhabitants annually, Oakland County, Michigan, stands out. The explanation for this high incidence is the ipso facto acts of a serial killer. 9 Similar cases were also found in Sweden 10 but on a smaller scale (1.2 cases per 10 million inhabitants annually).
We had access to cases from a period of 53 years from Miami-Dade County, and during that time, the number of cases decreased. Today, it seems to be a very infrequent crime with no reported case since 1993. In New York City, only 3 cases were reported between 1998 and 2008.
The infrequency of reported homicidal poisoning begs the following question: is this crime infrequent partly because of failure of detection? Without a high degree of suspicion, homicidal poisoning is always difficult to detect, especially if the victim was ill before the poisoning or if incriminating evidence has been destroyed when the crime is revealed.
In Sweden and Oakland County, Michigan, prescription drugs and carbon monoxide were the most frequently used means. In Miami-Dade County, poisons such as arsenic, cyanide, or parathion were more commonly used. In New York City, the number of cases was too small to draw any conclusions about the poison of choice.
The homicides from Miami-Dade County demonstrate a change in the poison of choice over time. During the first quarter of the study period, weed killers and insecticides containing toxic substances such as arsenic and parathion were still available for domestic use and, therefore, more common in this study. When new less dangerous pesticides were introduced to the market and older more toxic compounds were prohibited, other poisons came into favor, such as narcotics. A study of homicidal poisonings in Cuyahoga County, Ohio (1951Y1985), showed the same pattern. In this 1987 study, 11 the last poisoning with arsenic occurred in 1962.
Our findings in Sweden and Oakland County, Michigan, support the hypothesis that poisons such as arsenic or parathion are far less common nowadays. Apart from a corrosive agent, which was the method of a serial killer in Sweden, carbon monoxide together with therapeutic drugs such as sedatives were the most common agents used. In Oakland County, there was a remarkable number of poisonings with a combination of drugs (eg, case 6). This is explained by the actions of Dr Jack Kevorkian, who practiced euthanasia on a substantial number of victims during 1990 to 1998, often using a combination of drugs or carbon monoxide (eg, case 5) to kill his victims. 9 The high number of carbon monoxide poisonings in Sweden was due to the large number of extended suicides in cars (eg, case 4).
Categories
That we investigated cases classified as ''homicide by poisoning'' by a forensic pathologist and not by the judicial system means that we may have included cases where the offender was later not convicted for the crime (if still alive). On the other hand, we were able to include also cases where the perpetrator committed suicide before the trial or, for other reasons, was not convicted.
Several ways to categorize homicidal poisonings have been suggested, for example, according to whether the intent was to kill or severely harm the victim or so-called unintended homicidal poisoning 11 or according to whether the poison was a substance with or without a therapeutic effect. 11 In the present study, however, we identified 3 large subgroups of homicidal poisoning: poisoning in a medical setting, the euthanasia subgroup, and poisoning by a suicidal parent or partner, that is, the extended suicide.
Homicides in a Medical Setting
A notorious example of a serial killer in a medical setting is that of the British physician Harold Shipman, who was convicted of murder of 15 patients through lethal injections of diacetylmorphine in the year 2000. After his conviction, more than 1000 deaths that he had certified during his career from August 1970 to July 1998 were investigated. He was found guilty of 215 counts of unlawful killing and was sentenced to 15 terms of life imprisonment but committed suicide in 2004 while in custody. Dr Shipman probably killed far more patients than these, perhaps twice as many, but this assertion is now impossible to prove. 12, 13 In Malmö, Sweden, the number of deaths among patients in a nursing section for senile, demented people increased dramatically during late 1978 and early 1979. A 19-year-old worker had administered lye-and parachlorcresol-containing disinfectants to his victims in a concentrated or diluted form. He had killed 27 patients and had attempted to kill 15 more when the crimes were discovered, and he was convicted of 11 counts of murder and 16 counts of attempted murder. 10 In both the Swedish and the British cases, the killer worked unsuspected for quite some time. The Malmö killings went undetected for 3 months until one of the victims protested immediately after she had been fed with the disinfectant. The hospital staff could not imagine that there was an assassin among them, and that the victims were terminally ill patients contributed. 10 In the Shipman case, both colleagues, the local coroner, an undertaker, and a cab driver suspected foul play, 13 but Dr Shipman's actions were not revealed until he attempted to forge the will of his last victim. 12Y14 The reason for his serial killings is uncertain but could partly have been financial gain, 12 although convenience (!) and a personality disorder with grandiosity and ''malignant narcissism'' have also been proposed. 13 In comparison, Dr Kevorkian did not try to conceal his actions. Instead, his motive was to establish his methods of ending the life of the individuals who specifically requested so. Furthermore, none of these individual victims were patients of Dr Kevorkian, and he did not know these people beyond the brief casual contact before terminating their life. 15 
Euthanasia Cases
Euthanasia refers to the practice of ending a life to relieve intractable suffering, 16 either voluntary or involuntary, active or passive. Active euthanasia by another person is usually considered a criminal act, whereas voluntary euthanasia and passive euthanasia are widely noncriminal. In this study, we included only cases of active euthanasia by another.
Euthanasia deaths may be related to a medical setting, but in the present study, most cases were not. Dr Jack Kevorkian practiced euthanasia on 69 people in Oakland County in 1990 through 1998 before he was sentenced to prison for the seconddegree murder of his last victim only. 15 The cause of death of most of his victims was poisoning by lethal injection of a combination of licit drugs with KCl as the main fast acting agent or later by carbon monoxide from a pressurized canister hooked up to a face mask. 15 
Extended Suicides and Children as Victims
Homicide by a suicidal parent or partner is a rare event, also named murder-suicide, homicide-suicide, or dyadic death. 17Y20 Many cases have been described where 1 or more children were killed when a parent attempted suicide and wanted to ''take the children with them;'' filicide-suicide, in fact, represents a significant proportion of child murders. 21 Mental illness, particularly depression, and drug abuse have been reported in these cases. 20, 21 In our study, we found multiple examples of this crime, which does not seem to correlate to culture. 20 According to a recent study of homicidal poisoning in the United States, from 1999 to 2005, infants were frequent victims. Homicides where the victim is a child tend to be more violent when the child is older and when the relationship with the perpetrator is less intimate, whereas infanticide by poisoning is more common when a biological parent is the perpetrator. 2
Why Is It Important to Highlight This Type of Crime?
The total number of homicidal poisonings is most likely higher than the number of recognized cases. Some of the cases in our study were initially misdiagnosed as a natural disease, illustrating the importance of knowledge about poisonings and raising a reasonable degree of suspicion regarding homicidal poisoning, especially if the patient mysteriously worsens despite diagnosis and treatment of a suspected illness.
An illustrative example of this occurred in 2006. A previously healthy 43-year-old man arrived at a London hospital with severe gastrointestinal symptoms. While his condition deteriorated, his identity was revealed to be a former Russian spy, Alexander Litvinenko. His hair started to fall off, and he developed pancytopenia, which made his physicians suspect radiation or thallium poisoning. Nevertheless, tests showed nothing. It was not until his urine was analyzed by Britain's Atomic Weapons Establishment that alpha particle radiation was detected (the hospital had focused only on gamma radiation), and Litvinenko's diagnosis was internal contamination with polonium-210. He died shortly after. 22 Although physical agents such as radiation are not always included among ''poisons,'' this case may illustrate that traditional poisons are successively substituted with new drugs and agents that now sometimes are available through the Internet.
In our study, many of the victims were initially wrongfully evaluated with disease. In case 1, the cause of death was considered to be ''acute encephalitis'' before a second autopsy detected the presence of arsenic. In case 3, pneumonia was considered to be the underlying cause of death for many of the victims at the hospital in Malmö, Sweden, before the murderer confessed his crimes. Before the thallium poisoning in New York City (case 7) was disclosed, Guillain-Barré syndrome was suggested to explain the symptoms. Our study shows that such misdiagnoses occurred many times, making awareness about this type of crime important. As for poisoning in a medical setting, the handling of dangerous drugs must be meticulously controlled, maybe especially in the care of terminally ill patients who often are treated with large doses of analgesics and who are expected to die.
Our study also confirms that the reported number of homicidal poisonings is low, although for reasons discussed previously, the true number is unknown. Traditional forms of poisoningVthat is, an offender who puts poison, typically arsenic, in the victim's foodVhardly exist in the Western world anymore. The agents of choice in both Sweden and North America are now hypnotics and sedatives, analgesics, antipsychotics, and carbon monoxide.
